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1 Abstrakt

Geografick® rozg2Sen? a Acygnlysseoffroye,z el D8 |12 hatt §
st §obatr maetr e wn Ste@®niam eTnat ee zpbv §ritmdruhovou struktwu a
geografickmr oz g BdAcomysz e severn2?2, vichodn?2, st Sec
ostrSotvSfedbpe miiser a Kr ®t a, Tureck®ho pobSeg:
poloostrova & € r §m i vnyoul gei keutlh® m.h TMo |l ekul §rn2 anallzy
jakna mi t ochondr i §!| nchgeriD-lgop (publikdce ljacy®aehiomuetalc 2

inaj ademsrekvdage?2 nt r a havazeb®$ proteinu(IRBP) (publikacelll, IV)

a r ek onhbak t nhogdunl?(RAG1) (publikace II.) D8 | e détapbdaobena
fylogenetickIim anal TMaxti m8a n2popgaMakibpromdd 0 rzo
likelihood, ML), Bayeasmwlslk®Ry NaBAYmPlor2nost i ( Maxi mum
MP)amet oda nej bl i ¢gg?2jbmng dhHuseda (Neighbor
Visledky t potvhrtdo | § psat |I§lezd a Aronys saldrinus a s klgdys k ®

Acomys dimidiatugsouj a sondrd N.IVerdn @@d ob no st me z i hapl ot yp)
Afri ky a sevekladA. babirinGss SedomeSei ¢t o) podporuj e
A. nesiotes, Acilicicus a A. minoussev e | mi pravdRDpjoadlodbnRomenrz§IS

popul acjee tpomghybniDn plaichc BybdadensmE.n alko§
genet i ck 8 Asiigpubiikace d vi g ak vnej vDt g2 genetick8 va
vichodn? AfricelVl Mublkti kakeasdoug flyllogeneze :
genet i ckT okazujgpaSrektiroemtnbo st pRNhod hi man? ddomymk@d i mo
A. subspinosusA. spinosissimusA. russatus,A. wilsoni a A. cahirinus Skupiny A.
spinosissimus,A. wilsoni a A. cahirinus j s o u ds§gl e strukturovg8ny
subpopu$acggnimkipmpoagabenz m

Tat o di sert ainformacgpexdserdan e S @8 HP u |greinceht 1 ¢ ki &k h
bodlinat T Atomysyng 2c hrg ®oydka pepe @s § nty®taog pvr § C i



2 Abstract

The geographical distribution and phylogeny of the spiny mice of the gemmsysGeoffroy

l., 1838 remains a controversial and open topic. dbdsoral thesigleals with the intraspédic
structure and geographical distribution of the gelemmydrom the northern, eastern, central
and southern parts of Africa, the Mediterranean islands of Cyprus and Crete, the Turkish coast,
the Arabian and Sinai Peninsula and Iran, using molecaodyzes. Molecular analyzes were
based on both the mitochondrial gene sequences of HbepDgenes (publication 1.) and
cytochrome b, as well as the nuclear sequences tftitaeetinalBinding Proteingene(IRBP)
(publication IV) and recombinant activan gene 1 (RAGL1) (publicatiah). Furthermore, the
data were subjected to phylogenetic analyzes using the Maximum Probability, Bayesian,
Maximum Parsimony, and Minimum Evolution analysis.

The results of mentioneahalysesonfirmed that the AfrMediteraneanAcomyscahirinus

and AsiarAcomys dimidiatuare clearly separated. The large similarity between the haplotypes
of continental Africa and the northern Mediterrane@ndahirinussensu stricto) supports the
hypothesis that the ancestorsfoinesiogs A. cilicicusandA. minousare very likely to spread

as commensal populations, thereby chajleq their status as valid species. Considerable
genetic variability was found in Asia (publication I), but the greatest genetic variability was
found in EastAfrica (publications II, I, 1V). Multrlocus phylogeny based on four genetic
markers shows the presence of five major groups of gpicg of the genusAcomys A.
subspinosusA. spinosissimysA. russatus A. wilsoni and A. cahirinus The groupsA.
spinosissimus A. wilsoni and A. cahirinus are further structured into phylogenetic sub
populations with predominantly parapatric distribution

Thisdoctoral thesiprovides information on the existence of at least 2aljeeof spinymice

of the genug\conys some of which were first described in tthesis
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3 bvod

3.1 Jedi n éddinatls ¢ ry2godu Acomys

Bodl i nat ®Acomyssouz v b 8mytgnoavddavé,u kt er T c h nikeo Iviykv i n
jedineghmkd@dihchg nhDkt ey ®u njej sbah zmgdo v idtolkom clel
s aviNgp S 2Bklbfiard et al. (201yY zazhamenal menstruaciAcomys cahirinusJde o

prvn2 z8znam mehbbdewlgilhaa nay kiljiet 2umobgondol sitn avt y&u
jako modesmaswi §mcigani zkumu nmens?r 5oy el Shu v
poruch( naps§. endometri-za | Nebopatemén®mneéalsmczhopy
regeneracek T ¢(Seifert et al. 2012)k t evip® s | e d rp2Saihtugbel pozor nost
mnogst v?2 | Albcdlargtetalr 202Mebchey 2017Simkin et al. 2017Haughton

et al. 2016 Matias et al. 2016Seifert et al. 20)4Pop S2 padiDl mN i ndukovanl
s t u d o Aacahlrinus(Shafrir 2000, Shafriet al. 2006)k t eurklaz uh @d | igrat ® my
roduAcomyg s ou v mod e morgahsmemvr § mci bi omedi c2nsk®ho

V systematickee k ol ogi ck®m vIizkumuDloloiugd ¢ mlkas tmo
ke st udi uspegacepaabyla zdokle@ t o wA ecakirinus(Hadid et al. 2014y
Avolul nziwvizekeiRohkuenl sebh pSedbkitdvaymsoBe@m
pSendAwol ul n2fd okcahkSirci,k de se na mal &emi ¥z e m?2
di v er ogikroktimma®. Na jednom sxhu kopce s esucdettrégpd Btme s e
kimatemAfriky a na opal n® evtrropsB T siwvaliu A$S mr YD may e
pSirozen® omikrdSoblasti(v z d Pbdeseb@ouze200 myna hoSe Car mi
vizraelizap S2 | i ni |l y g e wautdiyepeneuoskupinyA. takirmes (Hpdid et
al. 2014).

StrulnhD se zm2n2m i o dal g2dbdobkearediki’
bi ol ogie a fyzioBloaddiienaa® mpmmygchona§iA2 .pri m8§rnl
vpS2padh sy mhtaA. cahidnks@A ssatldsdéo ¢ h fzrdssawkp osunut 2
aktivn? doby do | asn®hag ar §nmdao clhiGrzepzoi zddr nu? hhoov ®c
kompetic (Gutman& Dayan 2005, Hainet al.1994, KronfeldSchoret al.2001). A. russatus
j e schopexnt ro@mmnviAats kdeA @ahirobs) gt 1 a sQbol veEmyb 2v.e | m
tepl T chSvsytgardaj ieg Gagaptae®Ir @g i peSkeakittoz ext r ®mn 2 ¢ h
podm2 nlkd@auln i ch | e s n2mgtabolBmyEhriardt@tva®2005, Merkt &



Taylor 1994, Perrin & Downs 1994, Weissenberg & Shkolnik 1994)k t e A. fussaties u
nej ni §&mt i AcomygDagen 1994)

Nedostatek vody pr o st Sed2? dok §dm p &fedihveonlstiagn & v 1 g ¢
hl avnhD poj 2 d§n2HKmonfeltIcr&Dayandledn, Brbza & Mevo 1994, Kam
& Degen 1993, Neal 1984) ej i ch j edi nevVodo®vneh oo d ad@®m? pou
prost Sed? j es d dkp®n opsot ®p o\Syelnu | o v aWeissenmbarg &nt r ov
Shkolnik 1994)a udr gen?2 S i ipl @Smat iccck & ovody dehydr
(Horowitz & Borut 1994).

Bodl i nat ®caomysipa j ¥ oda s v ®m dno8rpzaBdidingg mkp @ v ®c h
jsou tak® | §stel nh pSihzoprTks®nb epnryo sptrSoe alp?cstv $Bavbdyl |
povrchuh | ubrdig®de se bRhem msolanjfbkosts bcbmB8gehz a | e
rosa n8slednh posloug? pro o(Chelnava&kKuznetsov gani s
2001).

Bodl i nat ®Acomyssin ersdid o ma g Nu ja2l ep odtorka8vgu?z s i u k
mnogsbDhveésn@hene gkt rychpSspadetahez dsimdpSks u
potravy (Ehrhardt et al. 200B.Nhem dne Bhee hsa \VSiédnagleregvde.b NDPr v n 2
o d p o | sermprojevyje jako strnulost / torpor k e c ® 8z 2 Kekne2s nt® t epl ot
soul asn®ho sn2dgena ukcBUophbidomdt ¢ NéUcdmisP®hh o t u

doch8zwel keen2batkemvddlyy jejich |innosti pro n
2005)

Z8stupakcomypodl ®haj 2 eprsddamiy, vizakigmniT ch (Ed!
Eilam et al. 1999, Mandeliket&00Q Hendri e et al . 1998), tak i
& Dayan 20000BNDhem sv®ho ¢givota se ul?2 rozpozn8val
signalizuj2c?2m (foSes & Dagand800, Carerccetl 8. 19¥yac h | T Yni k
me z i kameny se jev2 |jako n.etjuldamigmiia osasurj@at egi e

schopnostk t esre§ povaguj e za fyziologickou adaptaci
mechanismugShargalet al. 1999).

Bodl i nat Gcomysgaj & oid up oreggalacu bachnogovanz ( Wub
2008, 20(Bb, 2009, 2016Medger et al. 2012, Sarlietal. 2016)r opi ck® i subtr op
maj 2 virazn® z mDsjed?sm § greatx D) briddnéegrS Kro&wl®e duj 2 p
o b d suoté(Nicholson 1993Ve sv®m dfgkgdupdegimi mnogst v?
potravyv e s r opvont8rna?v ns?2 n aobb2ddeubld A. sphindgiseimuaA. dimidiatus
vyuajvdob?2 jdkqgsS pfakeor keaktivati s v @podukce (Sarli et al. 2016,

10



Medger et al. 20121 v gsahopnost reprodukcg. dimidiatusn e z % br [Bhceei® h roku
vpS2 wddmBytu pS2 zfSaniétal.l201f)od m2 nek

Mnoho savcT vyug2vs8 pro aktnwmaca nebpnddaok
cog je zvl|I&§gth %l i nn® v BradshasoHoleapfel 3067Javv2 gdaakt e | n
vp S2 pacdhibinusi sou ob N pSsiulda Wz sno b ékpvitugjakvk r §t k ®,
takivdl ouh® f dtadpenkiosshilssi ekl get schopnost r
nez8vi sl e npouzef samiaepadgre joidch s a ml e rséhpperutdld jgeee k
testikul §rn2 akti vi (Wubeletthh 2068. Gkro§ tnk ®ptrfeapd|tadftesd 4
spol edenddSosvi mi j srggke@emi t T m f akysocekear, e | $otvesrnl
reprodukl| n?2 akti viA spinosissimiz d ky n Ryaaialkantentracy ¢ 2
testosteronu se zvyguje jig a@®edgedeta.20dDs 2 c e |
Vpr TbNhu s ucce@h®z 20 bwleo bl ldrna® npeSid coddipdakS ob s a g e |
vegetacia t 2 m dochg8z?2 ke koncentr a2iotrasnkPi mid®
bodlinatTch my g 2 . Konzumac?2 takov®t o rostli
zvigenT m o.Wsbeétal(@0%z0dznamewdlgenfe pBaétiranv B oveéd:
u s axmerTi ¢ k ® Apresgatuk mgulaci reprodukcegr avdRDpodobni m si g
postupuj2c2m obg&bpazd Bk e pA panijnaskyeS\dn§ regul a

reprodukenebylap o z or.ov 8 n a

Vel mi zaj2emavEmciznakprodwkbaodl isnataltelgi my
Acomyg e .,r ogdeé¢ prekoci 81 n2 ml §Na&tHadggs D98% Deenpstee n 1 9
etal. 1992)Samicema ma |l T p o| ejgdnomirByNaasi 2xtakd e ld@d N gr avi di

3642 dnT) (Brunjes 109%9@,g NoWRKOWE ongtgu et p BT &
ml § NaseJenl mi dooht$e gpPeivatv§ vyt zaznamens§n poc
di morfismus ve velikoSammkNat g SjisnuarDizemizf |
tento rozd2|l se | i.SanicBddevm r dib\Wd tuavgmeser vildtivijeys teu |
sam|l 2ho popholtaovmld &ssvtiocche sekund&rn2 pomNRr pohl
( Nov St a.\2®0). Poporodudodhz2 u sami c kDieesldnrl96l, Peitzst par t
1981).

Saml2 rodilovsk§8 p®EKe®eortérDI84ptoeri Iteé v nIN9 @A, i M&F
a fyziologickl WwI Bojoom §9&t#8)(EISwmed bodlinat
opotomky,k dy paojm&hj i g pSi porodu olizovg§§n2m | §st
1962). Vr ozv oj i patern8l n2ho chov§8nBobjae sdTI8e&in
sml 8Naty se post upeodobudsy pamidied wpeamagt 2 m|
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mezit2mtzajmog®wjué aci a ochranu ml §Nat (Szji e
Porter et al. 1980).

Schopnost saminid i vihoug8ktpdeih&sen2ch ml 8Nat od ci
pSenesenzm |nasgmd & @®nulhaamhkmat,¢ dskb®j p®lbeéspol&l n

choulen?2 |i KkK.®Gjaetid @(R&k®t e kBH86 rozeznat vl as
& Porter 1984).Fer omon, kterT samice bodlinatTch my
n8sl eduj 2 og@i votvan2hmPordtneer & t Butptrled et @nbp, sea
svDkem ml §Nat ag je kolem 25. dne g¢givota 1ign

Soci §l,n2 samcdsa samic rTzn®hor §mcd8?t nh®s o
skupiry, b y | testov8§hamav ek | ltldikddg iNd g8 ukw& oet al
Testov8ny byly komenz 8A nahirinas nlketkeorm®@ nze | Ini2g ?p ojp
tak chovg8§n2zm. Baz8ln2 hladjegngmu&o&bg8tnkmir
AS ug se jednalloiTom®amt BSeisitzoxzelhggtseoou ml ad? s
nahu se zapojit do doepri3énterndtcem( Ndve§ Kk @em§ agt e

(7]

008). Avgak pSi porovng&n2 dvou rozd2lnlch
omenz§Il nMmagji2j 2vcy2g gty ghil addondy jgd upkSiklo2rtt § koo i jdeTj
redaln2mu tllk&k@pds§ kkeme®mus§ljnee piopsklack olypd!
Nov8kovs§8 et al. 2008).

Bodlinat® mygi rodésmregutaxst Vij 2 Helikdst tmd 8§ d&Nta t

vrhu z8vis?2 na hmotnosti samice a poltu juve

—~ T X DN

jako visledek pozitivn2ho soci 88§l nz2ho nastave
pozitiwvn? korel aci md aibod@t podMm&mloy&M2 azpt.
veli kost? vrhu (Frynta etUladbor®dtldr mD nelpaubadn
po deset dbeh Swagiaaind d IRs@m e k| ,n 2k tt dmaxsylj spopay )
se zmDnami pl odnost.i

Bodl i nat ®comysgat &xdewnTm hl odavceT, kter® by
po cel 8 desetil et 2mnaha abdrexh ekologie fyziolmdie avewolige.e m v
Ni cm®nhN velk§8 vhRDtgina vige uvedecaflirousAst udi 2
dimidiatus| iA. russatusc o g najt dch dr uz?2ch, kter® oblvaj?
Bl 2zk®ho vichodu a pSedstavuj 2?2 pouzAeomyser mi n §
Pro spr8&vnou interpretaciijewv@lmih dybdpeegeiutvie de |
jednot i vTub A dr s tpeg znnB nt fgldgeeprafel®divol v ®jhee @n § S

12



3.2 Biogeografie roduAcomys

Soul asn® fyl og eSmedtrtli Acdm®s dohjyapsort ® z gpdodd | eel ne®d i
Deomyinaekt er § t &hr rdajUgnbmys Deomysa LophuromyspSi | emg dv D
posl edn? pjSreednsotvaamikeklad k Aamyis(Ehevret et al. 2001, Jansa

Wechsler 2004, Al hajeri et al . 20r1&2 g fePamzt o ¢
pSedpokd BwodiAgenygenaAf r i ¢ k ®m (Alhajeri et al.e2016)u
AfrickT Klayretmienzednxsedmnd obebef i novanich a kon:

bi ogeogr afi ckTl chhzamesyli kongdd:; Bio mEtofsk,i ck¥dag n s k
Saharsk (Linderetal.,2012)) e d n 08§ 42 n @@y ¥ soduAcomy§ sou obecnh sp
s (polo)suchTm pgo0as8) b dgxPd( Ki madlomMmo Sem ( Mo n &
2015).Vv Nt g i n Acomyseivigskytuje savam v ® m s o nmBakaskR mzambijk® na

| §stel nh ®mdgiGru. B &0 § ASubspihsusy  j | gn2 | €8 mBan Af ri k
vegetaci fynblopgop Nddngdge pekk aljne?) T ¢ htakg iNs o) js@ | a
sk ame ng tt d nmo VTojgotbiznvp &8tgrSn® u druhT obTvaj2c2ch
a poTgt d. m8srva@ v pt n3,v $edtptrlodj Abomyshypi cky chyb:
tropick® z8&padn2 a stSedn2 Africe (= kongsk
severu v oblastech Sahelua Sahgfhg srovng8n2 s Jign?2 Asdmys kou |
ve vdrcchoAYy §ggdgze vhswltolriitckT m v Lorengeretal. pr ost !
(2012) zjistil pSekvapi uml eniad toaxod[ WO pyglemek T c k
rozga2wSegn2gm2 Afri ce vav Iscrhoovdkyg§enohyd orujgn ¢ spwamya ¢ e mi
Vi i gnceucofdypopul ace / druhy d2ky stabiln2mu ¢
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Obr §z:eAknal yzovan@®e ovgroa fkiyc ka® d ¥ o z g er&le Acdomysy ¢ 2
Obr§zek byl p3@ghoawag(2a19dopl nNDn  z

KromhD vel RW®ri ls®h o kodAcamyan e2nFjial SeSedomoS2 (z

mal T pruh pod®l jign2ho pobSeg?2 TKyrkrc®taa)mezzi
Asi i (od Sinajsk®ho poloostrova pSed etnihael
Jemenu)map Si |l ehl 8§ Y%zem2 v ér8&nu a P8kist&nu pod:
etal . 1998, 2e0aD 2009, Frynteetglt201D)e ik z o br 8z ek 1

Z hlediska biogeografie, kter8 je (Bowte spj a
Lomolino 1998), Ize geografi® r o z péuSAconfysr oz d NI Aftr otnrao p n 2 é
saharskoarab$kr e gi on ( Hol t 2012) . Af rotropndto regi o
prost Sed? trepek wiyrzamvporéstgme s a v ai (Spyreanl.R04E.

Bi ogeografick® vztahy mezi tDmito bioreg
studovat pomoc? vySegldm® roylgégemédmendvbaxoamaT k
fylogenetik ® tkanzervatsmuRo z g h®&mn2er T ch skupin megen kont
pevninsB s poj en?, al e tvak®blvahsotd n ® okhloitnbabslpbdp en?
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pSedpokdiSsdmenr®@z n2Soutd @8kag§t ibi ol ogi Afrfk-Ar Srbadzimapet
v 1 s | e pikgeamorfologic®histolie (rit af r i c kT ch a &k idrbtsekn zihv nde :
zmBPk!l i mat u o d@uraanp®h.o &hal.c@8R)| e r

33 Bari ®rvy

Soul asn® rozg?2 Sem2 djue Arrwtmlyisv |j @ate odrr AT oAk Pu p a y
hraj2 viznamapbNrate&§pPivoeigRSenénrbkbleispddm
vige zm2nila dobSe prostudovBwdl ud H2pm dk asRyl
geografick® szTRnt§Eeajvénpent i alpehiriedoietmdi speciace

bodl i nat T cAhomysp gite jrjoceddun midhu g §* mp aje ae§ Ic k @My od n 2 h
druhur ozdDl en a na obou stran8ch pasit®pPemsé¢ apa
pSivefc 2 mi ZmBnakaj 2 (Mhyw 2800%Vudhsl eduj2c2m pSehl e
strulnhD zabTv§gm vhyibsrtaonrTinmi abhtoriic&r@hmi kwnt i ne

331 Pevninska® vmotslnya hl odav oF t mekaninemyf r i k ou

BNhemnm®hoc ®n y16,qMapkdydr abs k8 deska jig byla odd|
moSem a rotac?2 proti smkbnekeshro&BE o o sséviyttivrowS i | e
prvavgak o¢evhimkhl megst Afrikou a Eur aRi¢gl ,tzv.
1999) . BNDhem t ohatd 2rindanpytywo®diodiz8vatbjak Afbky, tak i
Ar § fMiein et al., 2000, Winkler 1994). V& S e dMi 2o ® n u- 11(,61MR)d® c h § z 2
kpSerugen2? pevninsk®ho moospldt menPmuéSt Felpoj ar
Indo-Ti ¢ h o iPoeStg(kR° gl , 186@4BI il a Afriku od Eurasi
hl alvindi e ahfar ¢ thrd @ pnadl ajd s Tcci® My meziAf r i kou a Ar §
pSetrvgvaly ag do stSedn2ho plioc®nu (Denys
BNDhem sMSed@fah @ al §t ku messinsk® salinitn?
IndoTi chomo Skt c ugtRE le ladsDUI)aghbBb & ch? mzen2m
z ap S2celkovoualrda di f i k asti2 spojemos tmPesdétacea(Prista et 2014).
NovhD vypewisiemdkRe glo,st1999) umoddhibtavymemNnu  m)
Asi 2, Afrikou a Eurasi? (Winkler 1994, Wi nkl
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Poslwldm@aumymy govi akxmaIi Afri kou, Asdowr a z§
(Benammietal. 1996Ni nkl er 200@i¢s sienskoudngabldMigykittenr2g8 Kkr i
prol2Mehem ponzedo®hao (Hs¢ a &swll.acil §ier@adymil 97 8)
(Cosentinceta | . 2013). oBOlWbr hEglA o8l s2ni g ovngon$2 hl ac
(Hag et al. 19873 Afrika sAr &lylyz nov u pr o p onneosten NpogeBirejtaw. 2
Levans k T keridorem (Fernandeset al. 2006) apr ost Sedni c tgmy?Babelu z av Ser
Mandkb 10- 5,3 Ma(Bosworth etl. 2005) D § i -el-ManBelpjpe § v ptow @ inl2a mo s t
spojlaAf ri ku a DAarnStkibliokaggSelso r an®ho st Sedn2ho pl |
2003)Po0 znovuotev&Revadsbp 5TRBi Wa Bab Ar §bi e defini
od Afriky. T at o Ihafaunmyje zachycena v § mc i africk®ho podrodu
kolonizoval Afriku cca 5,2 Ma (Bryjeetal. 2014)PSedpo k| §d§ se nkdgye po r
nedogznikudehop®d®zemn2 ho most u nifeemandestfalr2006)o/a a Ar 8§
na druh®r sbhslka®@Hlo byl ooostpakwa an) nAsjskaiov 8no
pevninou, kdyg byilnePor snkainej lligv t wpSjezpe Sad o u
(Lambeck 1996; Uchupi et al. 1999).

332Biogeografick® bari ®ry uvnitS Afriky

Geomorfé o gi c kT Af rriycske@h o kontinentu je pSev§g
reli ®f u, kjgkemi§ggeclpatsm$Sedn2ch, ale i vygg?2c
ostatn2ch kontinentT je Africkl relm ®l ¢ ®&Ta
(nach8zej2c? se vesmhDs rmiypmopadidmi (Goudié 200B.nt u )
PS2kopov® propadamipnayt S¢pokl evy nddnasmn$enk bi ogeog
v Africe. Goudie (200bp ot vr di | p Sae ddcohsopzl?| skt uzd§welDa sin T Qe r
S2| n2ch tokT je pSekvapivhD velmi mladlich.
rozg2Sen? e XAcanysu ] de? cphr ad dWipddobn®, ge Ni ge
severovichodnhD smhRrem do Sahary a tpeopbriviey ne
Tosaye, aby zd&ekgtuvB88Bnubesodlibksse skl §d§ =z
byly propojeny tepré&\W¥ameBlgocvxnloa grvVan0 0DBa)mmed e 2
byl zalogen z reverznhD tekoucze.Seky a@enn@®&m vp |di
dochg§zankgresi (zvigen2 moSsk® hladiny, zapl
Asu8nu. T eknkla@Z@ mbegrive v ned&asntcednt?n mllied cs®
spojen2m dvou S$2|n2éh |t8ckT.t okaj 2ssehorynw?d nal gt
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Ssyst ®my . HorSrek ouokKKaspel ses prapTvodnhdD spojov
st Sedn?2 | §st SekySezkaomb eXhi rsee (sGooy doivea | 220 0s5) .
smDru a charakaem®lso i kar 7ejAddonaslowjle, ge Zam
km) se teprve relativnhD ned8vno stala spojen

Eosahabi a Gabes byly vel k® Serkiyo cs@nwe ra 2
pSetrvaly ag do opldoib®t ca®@mwa (VGeu divey ®2vagoEe)l .y F
pS2rodn?2 pSek@lkhodu onraf2nB8 magdeaver n2 Afri ky.

pSedstaovwlj@smw® dobhRN spolu se svimi ztracenln
br §n2v g &ratn @Ghisnmel®t al 2002, Schuster et al. 2009).
Vichodoafrickl riftovl syst®m pSedstavuj e

vzni ku zal amiao¢@HWu,v0 rMan®m Nej viznamnhj g2 vga
obdob?2 poRAdaz pbi(@k-®&:@F WMa;, Simonetal. 2017).Kr aji na vicho
Afriky se v tomto | asov®m obdob2 dramaticky
tropickIm sm2genim | esem na heterogenn? obl a
m a s Vegeat?avthkomimal Kjrolai9 Si s méencadlai gn§ veget ace
ve vygg2ch nadmoSsklTch vigk8ch, rafeov®hpdzsy
efemern2chofjesprabl mndplsaven2 mméhlbpBedgtiduvay a;
p S2 rvooddbr?2r i ®r u ama@mest tv dlark®étal. 2010, Sunginge® ( Tr au't
Trauth 2013, Maslietal. 2014)V e | mi promRnliv® prostSed?2, vz
vliivemgebbggte a podneb2? ve vichodoafmmi dla®m
kng8§slednim disperzn2m ud8lostem (geol ogickg?§

vivoj, rozgi Sovgn?2 spedMasihétal20]4. konkurence n

333 Kl i mati ck ®& ozbmDmiy® gpga®nen ® s e z mhDASBMi veg
Ma)

Charak er i stickTm rysem klimatu nkteol &t byl o
spojen® | Ttagm? tlepwpd@&vd Bze dos8hla sv®ho kIl i ma
mi oc®Ab (Ma? (Zachos et al. 2001) . Poleks? se
s viraznim rozd2lem mezi obdob2m degST a su
doch8&8z2 d2ky vige uvedenTm klimati,ypuQh podm?2
(zejm®na tropicklch trav). Rostlinoy a yrp2uz kCl4
COh(Huang et al. 2001) . Bonnefille (2010) po
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Etiopibyl| zdokumentov§gn zl§ipsatdma&t TKelnds ,r omsatl 2ymovd hy
Po tomto klimatick®m opti mu odbongolvod khl| moantzu pl
pokrTvky (Hol boureral,g001)ad .s t29e0d5n 2 hZoa cniocssc ®nu b |
Africe vytvoSeno mnoho ekosyst®mT (Cerling e
pastviny / savany zhr (Ckalp®gd etr0 aMa ,( @A9913i)n g
dochg2Sek?2 ag o 3 Ma playnhDipeéej (Bodneh ihdeén@to
mezi85-6, 5 Ma (Cerling et al. 1997). Ochlazovs
Ma) (Zachos &t nal .za2&®Q@ Ku, pdva®nu doch8§8z2 Kk
3,2 Ma (Poor& Sloan 1996, Maslin a kol. 1998).

S viraznim orogenickim vzestupemvIiHiongail §j

monzunT a t2m i k virazn® zmhDhB pbumS&tuzaOP&E
7Maa25Ma (Schustetal . 2006, Swezey 200p9)i.ocW®npur Tdbolghl

ré&mci tSech epizod (B0, VEgetderta] AkMa ravs, 5 aMa)
naznaluje vgeobecn® vleHliad | ko Rt0ilMdnt Rlorrzy 2ISleinm
bylo zdokumentov8no v Ladu cca 7 Ma (Brunet
2000) a ve vichodn2 Africe 6,8 Ma (Bonnefil/]
salinitn2vkraze®eetapdVocekWw tropick® obl ast. p
klima, kter &Tgamapmadijme pokdlesem str eaBpw@me pgo
vichodn¢e6 A5rage5,5 Ma; Duggen et al. 2003,

Africed 0 ¢ hsSozu?| spsrnud k T m pokl esem | esn2ho pokryvu

pougthD (Bonnefille 2010) . V severnz a jign?z
(Sepulcher et al. 2006), kter8&8 naznaluj?2 vis
etal200d . Tektonick8 | innost a prob2haj?2c?2 vr$8§s

(Veldkampet al. 2007)z vy goval a cel kovou ariditu prostSe

vhodn® stanovigthD pro hor sk® | efsryi cvke® hva crhiofdtn

34 Fyl ogenetick® vztahy Acomysi druhy [/ popu

Pro rozs8hlou studovanostsedoadvgadileli myge
fylogenweztiatkT cjhednot!l ivich demwh TpbdRiddenaprao st t I
rekonstruk i ancestr8ln2ch stav] zkhd§Ta pyenkkeBSEOMm
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pS2slugn® znaky, pSesnhDji jejich stavy vznik
(strom) se tak st@yBchepostudaahb edmiomgiph @
jako na mmomahishuwvBez n2 nen?2 $sedHondi vheler wi
vevoluln2m pohledu (nap$S. zda jde skutelnh
1991).

Rod Acomys( Geof fr oy, 1838) byl poposl8&n 2na Ezxdls§
mnoho popsanich druhT, nNi cm®&nN nhDkter® z ni
rozligit. Je to zveijoh®mlaowW® kyarnieghkiwkhr avikil Zd®s &
morfologii. Opakovan® snahy o] revizbylfyyl pgkaogéenygl
morfologicklch znac2ch (Ellerm&dacha®OPhn, chrc
mol §rn2m vzoru zubTA. (irGidiagug r &t et 99 E. skooamBbl
Asii, je v soulasn®t dna®nNi erluhoih Acdoiydug o u ® pu § v Dt
uzn8§van®. Kingdon (2013) a MonadjAecahirmus, al . (
A chudeaui, A. muzei, A. cineraceus, A. ngurui, A. ignitus, A. johannis, A. kempi, A. louisae, A.
mullah, A. percivali, A. russatus, A&leusi, A. spinosissimus, A. subspinosus a A. wilsoni
Avgak Dehys(2017) wuvs8§d2 <celkem j Acgmys12 dr uhT
podruhy. Tento historicky vel mi nejednotnTl
druhT bodl i dudAtomyswy Yngytgi2l rwe vel mi rozss8hl ou
fylogenet ir@km@ i kconyadlay z\Bk 1l adhD nej vRDt g2ho dost L
datov®ho souboru obsahuj2c2 |tySi genetick®
lokalit (Aghov 8 et al . 2019)p.S2Vosmnedky puk $rzSamica v n?2 ¢
Acomys kt er ® byl gubspirosusspinesisgimugusdataswilsonia cahirinus
Kdy t Si z dpifosissimasvilsoRiacphirinug ( j sou d§&§1 e dtgrzuwckht ur «
fylogeneticklich lini2 s uveden2m c étokygsv ®ho
viz oB(rABghdkvg et al. 20F9) di evgelt iaaweé .2287 rdd nquut
AcomygqFrynta et al. in prep. Teprvevpr ac2 ch FRinyptape}) ala FrTdlI
prep.) byhpops8&8na obl .aAslouissgp m&loigmdu endemi t Somal i
oddhDIl enou skupi nd@aeomysad soasmoattnn8 cpho pluilnaicce | e r
podskupin(Frynta et al. in prep.) Od st dmalnizlhoandlu na vichod s
ASomal il andsk§&8fA podskdwpilnar,o zkgt2eSri § as en av swed §
veli kost popul aSev esreo z §merd re2 zvdDMyaylbillad n ca svd alh
Etiopi2? oblTvg§ ABRgabmE&sk§irPmddk vy sBri@met sekve
a.inprep) kter§8 buamnspojenpif§t su ge.&l s @iauikaeu hi st
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v Somalilandub Dhem pos!| edn?2 hol40ika)tbgdrpgrl aavcd IBploud o h 20 v
fragmentovaB jaknpov2daj 2 visledky z OAghkoVvEaei ckl®ho
Model n@iurk@zmeodgpn @tsa bedinsikoriyed Aghov§ et al . 20:
vsouladu val ezgedant i ckT m vzoricgep)VemigyavdNDegodabni
doghmmepos!| edn2 h&z alne ssadymearc§ I8d 2u a Sowdlilaridw d n2 |
nastolen2 nevhodnlch d@&klaukaggi ¢RmMEISt gkb d @Mfne ke
Ypl n®ymSEend!l i natsih@&ls bumrgkgicnizaéz m2 st n2,ho béfagta
vichodoafrick® pS2kopov® pr olpryntletiah yn prem). i nt e
Fl dl ovg8 et nall.ez(liin vprije@.a)dmi S@amaw i mpgdukter §
p2sky pbeagskalneobvyklARomys vlohekhuyBugdzrmbsgu

jde 0 novou samostatnou lirsesterskou kkladuz a h r n ug Seckprouk | §lgrk@® dr ut
Ign3 (=A. ignitug.

, — B Sub
,,Qizl .sugzpm.og.u;* 2 Ngu
4287 z Muz

. . - é
spinosissimus | __zic5 = Spi

ssa_g_ LAE Sel

russatus . Rus
aag—— =
4.54 W"4
_wilsoni+3_52* = Wil2
& Wil3
&8 Dji
Ignl
Ign4
Ign2
Ign3
Cahl
Cah2
Cah5
Cah3
Cah4
Cah7
Cahé
Cah8
Cah9
Cahlo
Cahll

9 8 7 6 5 4 3 2 1 0
Millions of years ago

Obr 8zekkekdinstrukce histori cki®uditoogsstomgr afrioa u e
Acomyy pSeviaAgahov& et al. 2019) .
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Avgak i nad8le zTst8vS8 nutnost taxonomi cKk®@
kde se nach§gz? nej v Atomys Wadtiga mial istoau | caesIn® hcch
prac? trp? zej m®na mal T m poltem vzor kT
a/nebonedoastt el nTm geografickim pokryt2m odebranl
na mit ochond rchgénuaytochtomisneblo Bleop. 8&rome et al. (1998, 2000,
2001a) krlkol mal vztahy mezi Adomysan 2nnaiv rdhrl u hny8 snhyec
fylogenet i ¢k cubspmosypdsptn@@issuimugrussatuswilsoni, (ignitus ((cahirinus,
chudeau), (dimidiatus, johannis ) ) ) ) ) ) . N8sl ednlD Barome et al
fylogeografi cB)Jk dsec @53 p(okH r§sdlzheak® ohh 8t Af g% Kan 2
st Sedn2ho mioc®nu dogld, R BMazg!| pe widd o mjzigddhde m
Afriky,k d e vAz subspir®sus a A. spinosissinmespektive 89Ma ( Aghov 8 et al
N8§sl edn® migraln2 v niy,Be Mav rbg/H ry2 i mirean® mua
(A. russatusr espektive 7,55 Ma (Aghov 8 PAewilson) . 201
respektive 6,97 Ma (Aghov § etA valbsnispi0jdi®.) . N a
ignitusvr o0 z me zpliocemui 43 1 6,6 Ma Barome et al. 2000)Skupinacahirinus
dimidiatusv z ni k8 nDkdy a7£2,8 Ma(Barome g &l.i2Q00) &spaki& Ma
(Aghovg§ et al. 2019) a prot,one vsed?2mielsa opySit €
uspoS®d Sene n 2 Asfer i kgAz gahidwisl do  z § pyaAl jpRannid f r i k
zaned!| ouho AnaBendise dp 8a s § ugMannud aba bn aAlAr alBs kT po
dimidiatus(Barome et al. 2000) Pr avdRpodo b nkd olzlgé \SRlneémbdadli o a
zEgyptangp Si |l ehl ® ostKunzeyetaKypadl 99&)y ®t aji gn2 pobS:
pozdDhDj g2 mu Amesmptesd.nminouga A. kilicicus(Barome et al. 2000).
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]
7} A. russatus [

A. spinosissimus

A. wilsoni
Alternative hypothesis:
migration northwards

from southern Africa

Phase 1:13.7/9.7 Myr Phase 2 : 8.3/5.9 Myr

j A. subspinosus

< P

< ‘L?,

F} A. dimidiatus

A. johannis
Acomyssp. 1 &2
Burkina Faso

Phase 4 : 2.8 /2 Myr

\ng:cﬂfcfcus

BE, ;;)
P o) =
A. minous e 8
S
8

A. cahirinus

Phase 5:1/0.7 Myr Phase 6 : Antiquity

Ob r § z EykogeBgrafick sc@§Sdisperze rodcomygpSvzato z Barome et al0R0).

Bar ome et al . (2001hb) zkoumal varianty

populaceA. minousz Kr ®ty a odhalil ned8vnl pTvod Vvge

Acomys Tyto popul ace, pTvodnA maoapAg vesiate® A.j ako o
cilicicuss, j sou pr avdnRp o diocshiiilisak prSsemesd iafviug K ®@®pso t 0 mk
serog 2 &i IAfriky prost Sedmibcthwdm. stTar de/ digop tpsokz@it
“uspNgnT m Ak Ghirgues 0 & mk o | A. dimidiptgk s A. cilicicus a A. nesiotes

Tch v &%§kltddv § Frym& aa nepubli kovansg d

chovan

potvrdili, pomoc?2 rychHoméet e eh cholkde? i t®ij @t licre2 hloo orpe g i goen u
st Sedomo S s kA @esittemp. [cilitugspey s h | euvkruij réfs daflirmus(Egypt,

Libie, Lad) . KromhD toho byla tak® zdokument

dimidiatusz e Si naj e, J ernsebsudmi oS b J eawidétapdtwdd,. AT e
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dimidiatusmg8 sv® r o0z g2 Sen?2ti po a Wikrbw®Ammysy jasko® | § s
genetickdododl hgads® afr i ckARdalirinysor Istt Sre@m mb S
psal Volobouyev et al. (2007).

Jign2 | § Atomystoyzlge SéTR|l adnhD zk euan§20id). Ver he
Demonstroval  skryto mi tochondri 8l n?2 a mor f ol ogi ck
A. spinosissimusensu latps k1 8§8daj 2 c 2 se z,uphktierddlhi gmd ad
kpSekrTw&meéi vjejich jednotlivich geografick
uznan®hA setbusethaf 2 ho nepopsan®ho taxonu z obl as
popsalA. nguruiaA. muzei

Ned§vno pdSejzlkoo uk§ n? f yl ogen e tciecl kdlachh vzt a
GerbilinaeDe o my i nae, v | Acomyd] AL G ajdemnuihm et al . 2015
kalibracenaza| uj e m2r nhD E59dt7g2% dlar mred)l opgSeid& hoz 2 s
Dobigny (2005)k t er 8 uv e ddea briolzigntalep eondd Deomyi nae nhDkd
obecnlT kladogenetickl wvzor visledn®ho fylog
moleku | §rn2ch stiupd$2pgdn zanvdlgledy zah (Steppar& c2 900
Schenk B17).
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4 C2|l e prs8ce

Tato pr8ce je zamhNSeln§r m2a dlyd oaletne aizsoai kkifuo | rec
bodlinat T cAtomysp &2 de v d & mi rzueh odvi®rcabii®spZa pymo ¢ 2

mol ek gleirenM ckjbem met sdhagila vySegist efdplvage®n
skupinyavh8vaznosti i vzhyhopepagid afl iné k @ aobtastiet ry
Africk®ho rohu

Konkr ®t nebylz21 e pr 8c

1. VytvoSit relevantn?2 fybodkenaettCkbtomyhgpot @

2. mol ekul 8rnlD charakterizovadblvatrky poch§z
ayneafrick®tduAroonys@2I1Sem2byl o p %edeakg2dno gdwh
kolonizaci SSedomoSsklTch ostrov] Kypr, AKr ®t a
nesiotes A. minous a A. cilicicua Arab& ® tpoloostroasl r 8nem Ar uhem
dimidiatus
b) Af r i ¢ k ®@Jowmalilandéhvelminepr ob8dankbuez® mm8 za sel
sl ogi t qjak gkobgickow, tak klimatickouMo | ek ul 8r n2 data o
myg2c®ta obl ast.i dosud =zcel a aAdomysDI a.
louisae kterT je endemitem t®to obl ast:i
c) Afri ck®hoi kdoez gb$ka2 snaha shrom§8¢gdit vV g
zpSedeéhkd studi? o fyloghcomngai spopltnpeldd
datov® sady. Tato datannbhlhaneaghnBh&cm
uskutelnMBmliditka vNRDUmocahai pfimgdech se je

dosud neprovzorkovan®.
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5 KomentjseSdnkot |l i vim rukopisTm

1)

2)

3)

Phylogenetic relationships within the cahirinus-dimidiatus group of the genus
Acomys(Rodentia: Muridae): new mitochondrial lineages from Sahara, Iran and

the Arabian Peninsula (Frynta et al. 2010

Afro-s t Se d 8 me Bmrys cahirinusa asijsi§ Acomys dimidiatug sou | asnh
oddNnDIl en®. Vel kng tpoocdhoobnida pti§dmmepriy 2z konti ne.l
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Abstract

Spiny mice belonging to the cahirinus-dimidiatus group of the genus Acomys have become a widely used model in
physiology and behaviour. To improve current knowledge concerning the phylogeny of this taxon, we analysed 24
samples from Libya, Chad, Egypt, Jordan, Cyprus, Crete, Turkey, Yemen and Iran. We sequenced the whole
mitochondrial control region and part of the flanking tRNA genes for a total length of 986 to 996 bp and described 22
haplotypes. Our results confirmed that the Afro-Mediterranean and Asian clades are clearly distinct (p-distance = 6-
8.1%). The former clade corresponds to A. cahirinus sensu lato (i.e. including also the Cretan A. minous, Cypriot A.
nesiotes and Turkish A. cilicicus). Haplotypes of A. cahirinus from the E Sahara (S Egypt, SW Libya, N Chad) grouped
with those of A. cilicicus and A. minous (p-distance < 2.2%), while haplotypes of A. nesiotes grouped with one haplotype
representing the commensal A. cahirinus from Cairo (p-distance = 1.2%). Close similarity among haplotypes from
mainland Africa and NE Mediterranean (clade A. cahirinus sensu stricto) support the hypothesis that ancestors of A.
nesfotes, A. cilicicus and A. minous dispersed most probably as commensal populations, thus questioning their status of
valid species. The most surprising finding was the considerable genetic variation in Asia. In addition to a haplogroup
from Sinai and Jordan (corresponding to A. dimidiatus sensu stricto), we detected two previously unknown haplogroups,
from Yemen and Iran + United Arab Emirates. These clades are fairly distinct and separate species/subspecies status of
these animals might be further considered.

Key words: spiny mice, mitochondrial DNA, mitochondrial control region, D-loop, phylogeography, commensalist,
Yemen, Libya, Cyprus, Persian Gulf

Relazioni filogenetiche all’interno del gruppo cahirinus-dimidiaius nel genere Acomys (Rodentia:
Muridae): nuove linee mitocondriali identificate nella regione del Sahara, in Iran e nella penisola araba

Sommario

I topi spinosi appartenenti al gruppo cahirinus-dimidiatus nel genere Acomys sono diventati animali modello
ampiamente usati in studi fisiologici e comportamentali. Per migliorare le conoscenze attuali riguardanti la filogenesi di
questo taxon, abbiamo analizzato 24 esemplari di topo spinoso provenienti da Libia, Chad, Egitto, Giordania, Cipro,

46 Accepted by P. Gaubert: 21 Aug. 2010, published: 28 Oct. 2010

29



Creta, Turchia, Yemen e Iran. Abbiamo sequenziato I'intera regione di controllo del mitocondrio e parte degli adiacenti
geni per la sintesi di tRNA, per una lunghezza totale tra i 986 e i 996 bp, descrivendo 22 diversi aplotipi.

[ nostri risultati hanno confermato la presenza di considerevoli differenze tra il clade afro-meditterraneo e il clade
asiatico (distanza p = 6-8,1%). Il primo clade corrisponde ad A. cahirinus sensu lato (compresi A. minoas, presente in
Creta, e A. nesiotes, presente a Cipro). Gli aplotipi di esemplari di A. cahirinus provenienti dal Sahara orientale (Egitto
meridionale, Libia sud-occidentale, Chad settentrionale) risultano simili a quelli di individui di A. cilicicus e A. minoas
(distanza p < 2,29). Mentre gli aplotipi di animali identificati come a A. nesiotes sono simili a quelli di topi commensali
originari dal Cairo (A. cahirinus propriamente detto). La stretta somiglianza tra gli aplotipi proveneinti dall’ Africa
continentale e la regione meditterranea orientale (A. cahirinus sensu strictu) conferma 1’ipotesi che gli antenati di A.
nesiotes, A. cilicicus e A. minous si dispersero come popolazioni commensali, mettendo quindi in discussione la validita
di questi taxa come specie.

Sorprendente & stata la scoperta di una notevole variabilita genetica presente in Asia, Olire ad un chiaro
raggruppamento di aplotipi, corrispondente ad esemplari della penisola del Sinai e della Giordania (appartenenti ad A.
dimidiatus sensu stricto), abbiamo identificato due gruppi finara sconosciuti: un primo gruppo in Yemen e un secondo in
Iran e negli Emirati Arabi. Questi due cladi sono chiaramente distinti, per essi drovra essere preso in considerazione un
possibile status di specie o subspecie.

Parole chiave: topo spinoso, DNA micondriale, regione mitocondriale di controllo, D-loop, filogeografia,
commensalismo, Yemen, Libia, Cipro, Golfo persico

Introduction

Spiny mice belonging to the cahirinus-dimidiatus group of the genus Aconys have become a widely used
model for physiological (e.g., Frynta et al. 2009), behavioural {Novékova et al. 2010 and references herein)
and evolutionary (e.g., Krasnov et al 2005) studies (also see Van der Straeten 1994}, Although this complex is
morphologically distinct from other Aconys species groups (Denys et al. 1994), there is no agreement among
traditional taxonomists concerning the relationships among populations or species (Wilson & Reeder 2005).
Consequently, nearly all experimental animals that come from somewhere within the region of the Fertile
Crescent or the Levant were reported as A. cahirinus (Desmarest, 1819), irrespective of their precise
taxonomic status (e.g., Carere et al. 1999; Hefner et al. 2001; Weber & Hohn 2005).

Barome et al (1998; 2000; 2001), analysing variation in the cytochrome b (mtDNA) in 14 Acomys
species, revealed the existence of two distinct subclades within the cahirinus-dimidiatus clade. One comprises
A. dimidiatus (Cretzschmar, 1826) from Sinai, Israel, Jordan and Saudi Arabia, its sister branch including
unnamed forms from Cameroon and Burkina Faso. The other one includes A. cahirinus (Desmarest, 1819)
from Egypt and A. airensis Thomas et Hinton, 1921 from Niger and Mali. Currently, a thorough study
examining samples from SW Sahara revealed that the populations from Mauretania, Mali and Niger form a
distinct clade clearly separated from both the cahirinus and dimidiatus groups {(Nicolas et al. 2009). This
subclade includes not only A. airensis but alsc Mauretanian populations of 4. chudeaui (Kollman, 1911),
therefore the former species should be further considered as a junior synonym of the latter (Nicolas et al.
2009).

Surprisingly, two Mediterranean species, A. nesiotes Bate, 1903 from Cyprus, and A. minous Bate, 1906
from Crete, had cyt b sequences almost identical with those of A. cahirinus from the type locality (Cairo,
Egypt). The remaining species of the Mediterranean area, A. cilicicus Spitzenberger, 1978 from Cilicia (SE
coast of Anatolia, Turkey) in addition to some A. minous, shared a somewhat different haplotype lineage
(labeled B} of unknown origin, but were still unequivocally closely related to those of Egyptian A. cahirinus
(Barome et al. 2000; 2001). The above findings may suggest that these Mediterranean species are not endemic
survivors from the Tertiary period, but rather are descendants from recent, most probably commensal
colonists transferred to these areas by humans.

Recently, Volobouev et al. (2007) formally elevated dimidiatus to the rank of species and reviewed
karyological (cf. Nevo 1985; Sokolov et al. 1993; Macholén ef al. 1995; Volchouev ef al. 1996a; b; 2002;
Kivanc et al. 1997; Kunze et al. 1999; Zima et al. 1999), morphological and biogeographical evidence
suggesting clear differences between A. cahirinus from Africa (including Egypt) and A. dimidiatus from the
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Asian part of the range including Sinai. They also hypothesized a phylogeographic scenario including
immigration of dimidiatus from Africa to south of the Arabian Peninsula through the Red Sea. Nevertheless,
in spite of the extensive distribution of A. dimidiatus in Asia (Bates 1994), ranging from Sinai, throughout the
Arabian Peninsula, the Iranian coast of the Persian Gulf region and the Gulf of Oman to W Pakistan (Bobrov
& Neronov 1998}, only the populations from Sinai, Israel and Jordan have been examined by molecular
methods, so far.

Species rank of A. dimidiatus may be supported also by the fact that fertile hybrids between A. dimidiatus
and A. cahirinus, neither natural nor artificial, have been described. Jordan (2000), however, reported sterile
hybrids between the dark commensal population of A. cahirinus from Cairo and a large pale form from Giza
(suburb of Cairo) referred to as A. dimidiatus megalodus Setzer, 1959. As the type locality of the latter taxon
is the Suez region (Wadi Sayal), species identity of the latter population was not assessed via molecular
methods, and according to Volobouev et al. (2007}, not A. dimidiatus but rather A. cahirinus has to be
expected at the locality situated in the African part of Egypt.

The aim of this paper is to sequence fragments of rapidly evolving mitochondrial genes providing high
resolution for recent evolutionary history, to reconstruct the phylogeny of the cahirinus-dimidiatus group with
a special focus on understudied regions including eastern Sahara, Cyprus, Yemen and the Persian Gulf. We
then discuss our results in terms taxonomic and phylogeographic implications.

Material and methods

Specimens. For the present study, 24 individuals belonging to the cahirinus-dimidiatus group of the genus
Acomys were analysed. Our specimens or their maternal ancestors were live-trapped from natural populations
in Egypt (2 samples}, Libya (1), Cyprus (2), Crete (1), Turkey (1), Sinai Peninsula (4), Jordan (3}, Yemen (2},
United Arab Emirates (1), and Iran (3}). Other samples came from laboratory populations in Egypt (1), Chad
(1), and zoological parks (2; original localities unknown). The tip of the tail or a finger were taken from
sampled animals and stored in Eppendorf tubes with 96% ethanol. Alternatively, as concerned deceased
animals, kidney or muscle tissues were used. Origins of the specimens are detailed in Table 1.

DNA extraction and sequencing. Total genomic DNA was isolated with DNAeasy Tissue Kit (Qiagen,
Hilden, Germany), following the manufacturer’s guidelines.

The entire mitochondrial Control Region (CR) and the flanking tRNA genes were PCR-amplified in two
overlapping segments for a total length of about 1000 bp, using primer pairs 5’
ATAAACATTACTCTGGTCTTGTAAAC 3" - 5° CACAGTTATGTTGRTCATGG 37 and 5°
CGTTCCCCTAAATAAGACA 3" - 5° TAATTATAAGGCCAGGACCA 3’ (Bellinvia, 2004).

PCR reactions were carried out in 50 pl volume including 2.5 pl of each 10 pM primer, 5 pl of 10X PCR
buffer (Fermentas), 5 pl of 10 mM dNTP, 2.5 ul of 50 mM MgCl,, 0.5 pl of 5 U/ml Fermentas Tag DNA
polymerase, 5 pul of DNA and 27 pl of ddH,0. The PCR amplification protocol consisted of 31 cycles of
denaturation at 95°C for 30 s, annealing at 50°C for 1 min, and extension at 72°C for 1 min; a further 15 min
elongation step at 72°C followed the last cycle. Concentration and composition of the reaction mix were
similar for both pairs of primers. The protocol used followed Bellinvia (2004). For some of the samples the
temperature of annealing had to be decreased to 47°C to obtain usable PCR products. All PCR products were
purified with the Qiaquick® purification kit (Qiagen, Hilden, Germany) and directly sequenced using the
same primers used for amplification.

Sequence and phylogenetic analyses. Sequences were aligned and manually checked using BioEdit (Hall
1999), Clustal X 1.81 (Thompson et al. 1997) and GENEDOC version 2.6.003 (Nicholas & Nicholas 1997).
Three individuals of A. russatus were included as outgroup.

Neighbour-joining (N]J), maximum parsimony (MP) and maximum likelihood (ML) analyses were
performed under PAUP* version 4.0b10 (Swofford 2002), and Bayesian analysis (BA) was conducted with
MrBayes 3.1 (Huesenbeck & Rongquist 2001, Ronquist & Huelsenbeck 2003). For MP we conducted heuristic
search analyses with 100,000 random taxon addition replicates using tree-bisection and reconnection (TBR)
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branch swapping. The branch support was evaluated using 1000 bootstrap pseudoreplicates (Felsenstein
1985). All characters were equally weighted and unordered. Tree search with N]J algorithm was done with
Jukes — Cantor distance and node support within the final topology was assessed through 1000 bootstrap
pseudoreplicates.

TABLE 1. Sample set considered in the present study, with geographic origin of samples.

No. Num. Species Locality Geographic
map origin
NES1 1 A. nesiotes Agirdag, Cyprus (leg. M. Macholan) 35°18" N, 33° 15" E
NESZ 2 A .nesiotes Cinarli 4km SE, NE Cyprus (leg. D. Frynta) 35°19°06 N, 33° 47" 26 E
CAIR 3 A. cahirinus Cairo, Egypt, laboratory colony at Charles University, Praha 30°04' N, 31°14'E
(founders provided by P.-O. Barome)
SIMI, 4 A. cahirinus Abu Simbel archaeological site, Egypt, (founders captured by J. 22°22°N, 3138 E
SIM2 Borek)
LIB 5 A. cahirinus Mits Akakus, Libya (colony founders captured by D. Frynta and L. 25° 44" 562 N, 12° 08"
Schwarzova) 211 E
CHAD 6 A.cahirinus Tibesti, Chad, laboratory colony in ZOO Plzen =
CIL 7 A. cilicicus E of Silifke, Turkey, 2 samples laboratory colony at Charles 36°26° N, 34°06" E
University, Praha (colony founders captured by J. Sadlovéa)
MIN 8 A. minous Crete, laboratory colony in ZOO Plze -
EMIR 9 A cf. Jabal Hafit, United Arah Emirates, laboratory colony in ZOO 24°04° N, 55°47 E
dimidiatus. Plzefi (colony provided through Breeding centre for endangered
Arabian wildlife, Sharjah, UAE, founders captured by Peter Arras,
Al Ain)
IRAL 10 A cf Khos Hangan, N of Bandar Abbas, Iran; 500 m a.s.l. (colony 27°38 362N, 956° 13
dimidiatus founders captured by D. Frynta, L. Schwarzovéa and P. Kunzovd) 226 E
IRAZ 11 A cf. Zagros, Iran (colony founders captured by D. Frynta, L. 28° 55" 892 N, 52° 317
dimidiatus Schwarzova and P. Kunzova) 770E
IRA3 12 A cf Dehbarez, Iran (leg. P. Benda and P. Nov) 27027 745N, 57°19°
dimidiatus 197 E
YEM1,YE 13 A f. Hawf, Yemen (leg. P. Benda) 16°39° N, 53°03"E
M2 dimidiatus
SIN1,SINZ 14 A. dimidiatus Wadi Gharandal, Sinai, Egypt (leg. R. Lucan) 29°08° N, 31°51' E
JOR3 15 A.dimidiatus Wadi Ramm, Jordan (colony founders captured by D. Modry) 29°36'N, 35° 24" E
JOR4 15 A.dimidiatus Wadi Ramm, Jordan, ZOO Plzen (founders captured by D. Modry -
a T. Pe3)
JOR1 15 A.dimidiatus Wadi Ramm, Harab Antar, Jordan (leg. D. Modry) 29°36'N, 35°24' E
JOR2 15 A.dimidiatus Wadi Ramm, Lawrence spring, Jordan (leg. D. Modry) 29°36" N, 35° 24" E
BRONX A. dimidiatus Lab. strains, 2 samples, ZOO Bronx and ZOO Prague =
RUSI1 A. russatus Labh. strain, Charles University, Prague =
RUS2 A. russatus Wadi Ramm, Harab Antar, Jordan (leg. D. Modry) 29°36" N, 35° 24" E
LEW A.russafus laboratory colony, Al Wisad-Heber, Jordan (leg. D. Modry) 31°50" N, 38° 08 N
Jlewisi”

Optimal model of studied mtDNA sequence evolution was selected using the AIC criterion in Modeltest
3.7 (Posada & Crandall 1998). For ML analysis we used heuristic search with 300 random taxon addition
replicates and TBR branch swapping. Node support within the ML tree topology was assessed by bootstrap
analysis with 750 pseudoreplicates (in each 10 random addition replicates only).

For the Bayesian analysis, we partitioned our alignment into tree domains: (i} the Central domain (CD),
which is the most conserved region of CR; (ii) the Extended terminal-associated sequence (ETAS) domain;
and (iii} the Conserved sequence block (CSB} domain, adjacent to CD (see Larizza et al. 2002). Two
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independent runs of analyses were conducted with a random starting tree and for 6x10° generations, with trees
sampled every 100 generations. The burn-in command was used to discard the first 15000 trees (1,500,000
generations).

FIGURE 1. Map of sampled localities in North Africa, the Mediterranean, the Arabian Peninsula and Iran within the
cahirinus-dimidiatus group of the genus Acomys. Black circles and squares show cahirinus lineages from Cairo-Cyprus
and eastern Sahara-Turkey-Crete, respectively; white circles show dimidiatus lineages from Iran-Emirates; white triangle
shows Yemen; white squares show the Sinai-Jordan lineage. Numbers refer to Tahle 1.

Results

We analyzed 24 ingroup samples representing 22 haplotypes. We abtained a nucleotide alignement of 1006
nucleotide positions, of which 219 were variable and 195 were parsimony-informative. The CR itself ranged
in length from 837 to 839 bp.

Most of the recovered topologies agreed substantially (MP, NJ and BA}, although ML somewhat differed
by placing haplotypes from Iran and Emirates as basal offshoots of the cahirunus-dimidiatus group. MFP, N]
and BA revealed revealed two clearly distinct clades. The first clade, further referred to as “Afro-
Mediterranean”, contained haplotypes from North Africa, Crete, Cyprus and Turkey. The second clade,
further referred to as “Asian”, contained haplotypes from Sinai, Jordan, the Arabian Peninsula as well as those
from Iran (dimidiatus). Uncorrected p-distances between haplotypes belonging to the Afro-Mediterranean and
Asian clades varied within the range of 6.0-8.1% (Table 2).

Haplotypes belonging to the Afro-Mediterranean clade were very similar to each other (uncorrected p-
distances varied within the range of 0.2-2.2 %). Phylogenetic relationships within this clade were poorly
supported. However, haplotypes from eastern Sahara (S Egypt, S Libya, N Chad), Turkey and Crete formed a
distinct, monophyletic group.

The Asian clade was less homogenous than the Afro-Mediterranean one (within-group uncorrected p-
distances = 0.3-5.6 %). It split into three distinct and geographically localised, well-supported lineages: (1)
Sinai-Jordan, (2} Yemen, (3) Iran-Emirates. The relative position of these lineages in the tree was not
resolved,
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